Defective assembly and trafficking of mutant HERG channels with C-terminal truncations in long QT syndrome.
Mutations in the human ether-a-go-go-related gene (HERG) cause long QT syndrome type 2 (LQT2). HERG encodes a voltage-gated potassium channel consisting of four subunits. Tetrameric assembly is required for the formation of functional HERG channels. In the present work, we studied the role of assembly in HERG channel dysfunction of LQT2 mutations Q725X and R1014X, both of which cause truncations of the C-terminus of HERG channels. When expressed in HEK293 cells, Q725X did not generate HERG current, while R1014X generated HERG current with markedly reduced amplitude. Western blot analysis showed that both mutations caused defective trafficking of HERG channel proteins. Using sucrose gradient centrifugation we showed that wild type HERG and R1014X formed a tetrameric structure, whereas Q725X was expressed as a monomer. When coexpressed with wild type HERG, R1014X, but not Q725X, caused dominant negative suppression of wild type HERG current. Coimmunoprecipitation experiments showed that the lack of dominant negative effect by Q725X was due to failure of mutant subunits to coassemble with wild type subunits. These results suggest that the Q725X mutation causes HERG channel dysfunction by disruption of tetrameric assembly of HERG channels. In contrast, the R1014X mutation is capable of forming tetrameric structure, and it causes HERG channel dysfunction by defective trafficking of the mutant protein.